Abstract: Aiming at the error of same type sensors' data in household greenhouse environment, data-level fusion is used to reduce the error and obtain more accurate value of same type sensors' data. In order to improve the precision and reliability of data-level fusion, a weighting-coefficient construction method based on support degree and adaptive-weighted is proposed, which not only ensures the reliability of data fusion, but also makes the fusion result more stable. The accuracy of data fusion directly determines the precision and quality of greenhouse intelligent control. The experimental results show that the fusion result adopting the proposed method of this paper is superior to the result of traditional average-estimation fusion and data fusion based on support degree.
ITH the improvement of social economy, the number of city and the urban population are constantly increasing. As the pace of urban life is getting faster and faster, people gradually focus on life quality. Meanwhile, the green environment is becoming more and more significant to people's health. Since people desire to have a tint of green at home, household gardening and household greenhouse have become a kind of trend [1] [2] [3] . The key factors to household greenhouse are real-time regulation of greenhouse environment, all-weather intelligent management in greenhouse, and optimal environment for plant growth. At present, the greenhouse regulation is mostly applied in agricultural production, while the intelligent household greenhouse prestented in this paper is used to realize the intelligent control of household greenhouse.
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set the value of the greenhouse environment comparison, and then get the greenhouse control strategy. Finally, through the control of various types of equipment on the greenhouse environment for intelligent control. The greenhouse intelligent home system as shown in Fig. 1 . In the intelligent control system of household greenhouse, the greenhouse environmental parameters should be tested first, so as to obtain parameter information and environmental trends. Then, the expected conditions of environmental parameters will be improved. Finally, the greenhouse environment will be optimized for plant growth. In this system, the first step is to perceive greenhouse environmental parameters whose accuracy determines the environmental quality of the final greenhouse intelligent control. In order to get accurate information, it is viable to make data fusion whose data is collected from various sensors.
The data collected from various sensors can be divided into three steps when making data fusion in the greenhouse. The first step is data-level fusion, which is to make data fusion based on a number of same type sensors [4] . Thus, we can get the best value evaluating the similar parameters in the greenhouse environment. The second step is feature-level fusion [5] . We will conduct feature extraction on the basis of feature-level fusion, so that the trend and speed of the similar parameters in the greenhouse environment can be obtained. The last step is decision-level fusion which merges the data-level and feature-level outcome of various parameters to obtain the final evaluation result of greenhouse environment [6] [7] . On account of this greenhouse environmental result, the control strategy of greenhouse actuator can be changed. In the intelligent greenhouse control system, the first step is to collect environmental information whose accuracy directly determines the last control precision and regulation quality. The traditional way to collect each parameter of environmental information is through detection on single sensor. Such way will decrease the accuracy of environmental information evaluation, and directly influence the control error. In the paper, in accordance with the data error arising from same type sensors in the greenhouse environment, we employ data-level fusion in the light of greenhouse environment, so as to reduce data error of same type sensors and obtain the best value among similar parameters.
In this article, we put forward the data-level fusion algorithm based on adaptive-weighted and support degree for the sake of reducing detective error among same type sensors.
II. FUSION ALGORITHM BASED ON ADAPTIVE-WEIGHTED
The advantage of fusion algorithm based on adaptive-weighted is to deal with real-time data.Under the criterion of unbiased estimation, this algorithm, which is unaware of any priori knowledge of sensors' data, can reduce the mean square error of data fusion value merely by virtue of the real-time data supplied by sensors [8] [9] .
Suppose we take the unknown quantity X as observation when n sensors work simultaneously. The other observations of multi-sensor are:
The observation of the number i sensor can show as follow:
In the formula, represents the white noise added by real signal . The variance of can be expressed as , while mathematical expectation can be specified as . If the observations on the system are non-interfering, the estimation of can be indicated as:
In the formula, In order to get the minimum total variance 2 , the auxiliary function shoule be constructed as follow:
The minimum problem in the condition of 
The final result is:
Putting formula (8) 
In this formula, is the observation detected by the number sensor at the moment of k; is the target; is the observation noise at the moment of , while and are unknown.
If the difference of and is large, it means that the observations of these two sensors are in low support degree, or even deviate from each other. If is close to , it indicates that the observations of these two sensors are in high support degree. This support level among the data detected by multi-sensor is defined as support degree [10] [11] .
( )
To quantify observation support degree of each sensor at the same moment, we bring in exponential attenuation function and construct support degree matrix. The exponential attenuation type of support functions to calculate the support to avoid the absoluteness of non-zero that is 1. The use of this function for data fusion has good reliability and high accuracy.At the moment of , the observations support degree of sensor and sensor are:
In the formula, is the adjustable parameter. By adjusting the size of , we can easily regulate the measurement scale.
We can get the support degree matrix among sensors at the moment of k : 
If we consider fusion algorithm of sensor reliability information which is contained in concordance measurement at different moments, concordance mean value of the number i sensor can expressed as ( ) i k at the moment of k .
At the moment of k , concordance variance of the number i sensor is:
The data fusion algorithm based on support degree neglects the measurement variance caused by a variety of factors, including the reliability of the sensor itself, interference and so on. When using fusion algorithm based on adaptive-weighted to change the influence of observation variance of each sensor on the weight coefficient, it not only guarantees the reliability of the sensor, but also minimizes the total variance of the target parameter after fusion. In addition, the algorithm based on adaptive-weightied is different from the data fusion algorithm based on support degree. Taking environmental factors into consideration, the noise is much closer to the real value.
B. Data fusion algorithm based on adaptive-weighted and support degree
In the actual data fusion, we use the large concordance mean value as well as the small concordance variance of sensor data. For the sake of making the data fusion result more consistent and reliable, the data fusion algorithm based on adaptive-weighted and support degree is designed. The weighting coefficient is
In this formula, ( ) j k is the concordance measurement of the number j sensor calculated by support degree. And j W is the optimal weight of the number j sensor calculated by the algorithm based on adaptive-weighted. The final result of the real value fusion is:
IV. EXPERIMENTAL ANALYSIS
If the results of data fusion output are getting close to the evaluated true-value, it means that the reliability of the data fusion results are higher.
To verify the reliability of the algorithm, the following simulations are carried out. In the same greenhouse environment, six temperature sensors of the same type are installed. Then, we select six-sets data collected from these six sensors, and designate the evaluated true-value X (in this paper, it is designated as 20) of the simulated temperature. Among the collected data, we select 500 sampling time data for data fusion. The error of each group of sensor is unrelated. And we use the unrelated zero-mean white noise to simulate sensor observation error. Meanwhile, in order to verify the algorithm's fault tolerance, among these six simulated sensors, we set up five sensors to work normally and one sensor to have large error, designating the variance of white noise as follow--0.05, 0.06, 0.07, 0.08, 0.10 and 3 (simulating the output of malfunctioning sensor). The initial data of these six sensors are shown in Fig. 2 . According to the algorithm applied in the paper, data fusion was performed on six-sets data. In such way, the weighting coefficients of these six sensors are shown in Fig. 3 . As we can see clearly in Fig. 3 , since the error of the third sensor is large, its weighting coefficient is much smaller than the other sensors' weighting coefficients, which is consistent with the expected result.
We compare data fusion results adopting the method of this article with data fusion based on the method of average and the method of support-degree. Thus, data fusion results of these three methods are shown in Fig. 4 . Moreover, we subtract data fusion results with evaluated true-value X . And the error is shown in Fig. 5 . The Mean Value is the average of the results of the data of 500 sampling time data fusion.
The Variance is is the variance of the results of the data of 500 sampling time data fusion.
In Table 1 , based on the method of average fusion, the mean value is 20.3928 and the variance is 0.1809; based on the method of support-degree fusion, the mean value is 19.9761 and the variance is 0.3052; based on the method of this article's fusion, the mean value is 19.9969 and the variance is 0.1743. Designate the evaluated true-value X (in this paper, it is designated as 20) of the simulated temperature the maximum error of the mean fusion results is average method(0.3928), the minimum error of the mean fusion results is this article s method(0.0031), the mean fusion results error of support-degree method is small(0.0249), but the variance is the largest. From Fig.   3,4 and Table 1 , the data fusion effect based on method of average is obviously worse than those of the other two methods, due to the set of one large error data. Compared with the data fusion based on support degree, the fusion result applied the method of this article is much closer to the real value. Among 500 sampling time, the fusion result applied the method of this article has the minimum mean value and variance, which indicates that the fusion result has little variation, high accuracy and good stability. In this paper, the accuracy of the perceived greenhouse environmental parameters determines the environmental quality of the final greenhouse intelligent control. In accordance with the data error arising from same type sensors in the greenhouse environment, we employ data-level fusion in the light of greenhouse environment, so as to reduce data error of same type sensors and obtain the best value among similar parameters.
On the basis of data fusion algorithm based on support degree, this paper proposes a new weighting-coefficient construction method, which takes the product of weighting coefficient of adaptive-weighted fusion and concordance mean value of data fusion based on support degree as the new weighting coefficient. By this weighting-coefficient construction method, the data detected from the temperature sensor in the greenhouse is performed on data fusion, and compare with the average evaluated fusion and data fusion based on support degree. The experimental results show that the weighting construction method of data-level fusion algorithm based on adaptive-weighted and support degree has higher fault tolerance rate. In addition, the fusion result is superior to the traditional average-estimation fusion and data fusion based on support degree.
